The neuropeptide galanin (GAL) is widely expressed in the central nervous system. Animal studies have implicated GAL in alcohol abuse and anxiety: chronic ethanol intake increases hypothalamic GAL mRNA; high levels of stress increase GAL release in the central amygdala. The coding sequence of the galanin gene, GAL, is highly conserved and a functional polymorphism has not yet been found. The aim of our study was, for the first time, to identify GAL haplotypes and investigate associations with alcoholism and anxiety. Seven singlenucleotide polymorphisms (SNPs) spanning GAL were genotyped in 65 controls from five populations: US and Finnish Caucasians, African Americans, Plains and Southwestern Indians. A single haplotype block with little evidence of historical recombination was observed for each population. Four tag SNPs were then genotyped in DSM-III-R lifetime alcoholics and nonalcoholics from two population isolates: 514 Finnish Caucasian men and 331 Plains Indian men and women. Tridimensional Personality Questionnaire harm avoidance (HA) scores, a dimensional measure of anxiety, were obtained. There was a haplotype association with alcoholism in both the Finnish (P = 0.001) and Plains Indian (P = 0.004) men. The SNPs were also significantly associated. Alcoholics were divided into high and low HA groups (X and < mean HA of population). In the Finns, haplotype (P < 0.0001) and diplotype (P < 0.0001) distributions differed between high HA alcoholics, low HA alcoholics and nonalcoholics. Our results from two independent populations suggest that GAL may contribute to vulnerability to alcoholism, perhaps mediated by dimensional anxiety.
Introduction
The neuropeptide galanin (GAL) is widely expressed in the central nervous system (CNS), including limbic areas regulating emotionality, 1 the peripheral nervous system and the endocrine system. GAL has wideranging effects: it inhibits glucose-induced insulin release and reduces levels of serotonin (5HT), norepinephrine (NE) and acetylcholine through the inhibition of adenylate cyclase and phosphatidyl inositol hydrolysis; 2 in contrast, it stimulates prolactin and growth hormone release. 3 GAL has thus far been implicated in several physiological functions including food intake, pain control, neuroendocrine regulation, cardiovascular regulation, sleep and cognition. A few recent animal studies have shown that GAL is involved in behaviors such as anxiety, depression, and excessive ethanol consumption.
GAL coexists with 5HT in dorsal raphe neurons and NE in locus coeruleus (LC) neurons. It modulates the electrical activity in these two systems and plays a role in the release of 5HT and NE, two neurotransmitters involved in the regulation of mood. [4] [5] [6] The LC is activated by a variety of stressors, both intrinsic and extrinsic, resulting in increased NE release in CNS regions implicated in the regulation of emotionality such as the prefrontal cortex, the amygdala and the hippocampus. 7 The majority of LC neurons express GAL in addition to NE. 8 GAL exerts an inhibitory effect on LC neurons by depressing the firing rate. 9, 10 A recent study of the central amygdala has shown that, while mild stress did not alter GAL levels, a model of high stress (e.g. the administration of yohimbine, an a 2 adrenoceptor antagonist, which increases release of NE) did increase GAL release. appear to support the view that GAL may modulate behavioral responses to significant stress (i.e. high levels of noradrenergic activation in the central amygdala), but may remain dormant under conditions of mild stress. 15 Variation in GAL release in limbic brain regions may be associated with stress-related behaviors such as alcoholism. Stress is likely to be important in alcoholism not only in the initiation and maintenance of heavy drinking but also as a risk factor for relapse. 16, 17 Many parts of the limbic system and limbic cortex are important in alcohol abuse, with much attention focused on dopamine (DA) in the nucleus accumbens (NAc). Both hypothalamic injection of GAL and systemic ethanol increase DA release in the NAc. 18 Ethanol intake increases GAL mRNA expression in the rat hypothalamus, 19 whereas GAL injected into the third ventricle or the hypothalamus increases ethanol consumption in rats that have learned to drink alcohol at moderate levels. 20, 21 This suggests the possibility of a positive feedback loop between GAL and alcohol intake. 22 The gene encoding preprogalanin, GAL, localized on chromosome 11q13.2, 23 is 7.5 kb in length. It encodes a 156-amino-acid precursor peptide that is proteolytically processed to generate the 30-aminoacid peptide, GAL (29 amino acids in rodents). Few GAL human association and linkage studies have been reported and none have positive findings. 24, 25 There are no published association studies between GAL and alcoholism or anxiety in humans.
From the foregoing discussion, however, it seems likely that there may be a relationship between GAL and alcoholism and anxiety. There are no known GAL functional polymorphisms, and because the aminoacid sequence of GAL is highly conserved (almost 90% across species Vrontakis et al.
26
), it is unlikely that there will be highly abundant polymorphisms. Owing to the lack of putative functional GAL variants, we undertook comprehensive haplotype-based analyses in this study to look for associations between GAL, alcoholism and anxiety. We first identified GAL haplotype structure in five populations. We then determined a single-nucleotide polymorphism (SNP) panel (tag SNPs) that maximized GAL haplotype information content, and, finally, we used tag SNPs to investigate GAL haplotype associations with alcoholism and anxiety in two ethnically distinct population isolates.
Materials and methods

Control populations
A total of 65 unrelated individuals of differing ethnicity were genotyped to determine GAL haplotype structure: US Caucasians, Finnish Caucasians, African Americans, Southwest American Indians and Plains American Indians. Informed consent was obtained according to human research protocols approved by the human research committees of the recruiting institutes, including the National Institute on Alcohol Abuse and Alcoholism (NIAAA), National Institute of Mental Health (NIMH), Rutgers University and University of Helsinki. All participants had been psychiatrically interviewed and none had a DSM-III-R psychiatric disorder.
Association study participants
Plains American Indians Ascertainment Volunteers (135 men and 196 women, total 331) were recruited from a Plains Indian tribe living in rural Oklahoma. Probands were initially ascertained at random from the tribal register, and the families of alcoholic probands were extended. Although most participants derived from one large, multigenerational pedigree, the average sharing of descent between any two individuals was only 0.3%. Individuals were required to have a minimum of 25% Plains Indian ancestry (at least one grandparent) in order to be included on the tribal register (a legal document in which the validated ancestors of tribal members are documented in considerable detail). Most participants had a high percentage of Indian ancestry, and it was calculated that the average Plains Indian ancestry in this sample was 87%. Written informed consent was obtained according to a human research protocol approved by the human research committee of the NIAAA, NIH. The protocol and consent forms were also approved by the Plains Indian Tribal Council. The mean ages were: women, 44.2 years, s.d. = 14.8; men, 41.5 years, s.d. = 12.9.
Psychiatric
diagnoses Blind-rated DSM-III-R lifetime psychiatric diagnoses 27 were derived from the Schedule for Affective Disorders and Schizophrenia-Lifetime Version (SADS-L; Endicott and Spitzer 28 ). An additional criterion for alcohol dependence, drinking heavily for a year or more, was incorporated to establish a clear pattern of long-term alcohol use. A clinical social worker (BA) experienced in the tribal customs and culture conducted the SADS-L interviews and obtained a Lifetime Drinking History. 29 The successfully genotyped final study sample was comprised of 193 alcoholics (98 men, 95 women) and 138 nonalcoholics (37 men and 101 women). Nearly all the 193 alcoholics had a diagnosis of dependence; only eight had alcohol abuse. There were 38 individuals with lifetime DSM-III-R anxiety disorders, 84% of whom had phobic disorder, 12% had obsessivecompulsive disorder and 5% had panic disorder. Comorbidity between alcoholism and lifetime DSM-III-R disorders was as follows: anxiety disorders, 19% in women and 14% in men; major depression (MD), 29% in women and 11% in men; antisocial personality disorder (ASPD), 10% in women and 29% in men; smoking X10 cigarettes/day, 41% in women and 64% in men; and drug dependence, 13% in women and 26% in men. The main drugs of dependence were cannabis and amphetamines (Table 1) . Comorbidity in nonalcoholics is given in Table 1 .
In this study, the terms 'alcohol use disorders', 'alcoholism' and 'alcoholics' include DSM-III-R abuse and dependence. 27 It should be noted that in the alcoholics, diagnoses of anxiety disorders were made only if they pre-dated the onset of heavy drinking (as determined by the alcoholic).
Finnish Caucasians
Ascertainment The Finnish population is regarded as an isolate founded around 2000 years ago. The sample from Helsinki, Finland, has been described in detail elsewhere. 30, 31 In total, 514 men were genotyped: 263 alcoholics and 251 nonalcoholics. Written informed consent was obtained according to human research protocols approved by the human research committees of NIAAA and NIMH, NIH, the Department of Psychiatry, University of Helsinki, and the University of Helsinki Central Hospital, Helsinki, Finland.
Psychiatric diagnoses The Structured Clinical
Interview for DSM-III-R (SCID) 32, 33 was administered by psychiatrists to both alcoholics and controls and blind-rated DSM-III-R psychiatric diagnoses were obtained. Individuals with major psychotic episodes were excluded. Comorbidity between alcoholism and lifetime DSM-III-R disorders was: anxiety disorders, 10%; MD, 13%; ASPD, 45%; and drug dependence, 15%. The main drugs of dependence were cannabis and sedatives (Table 2) . Comorbidity in nonalcoholics is given in Table 2 . 
Dimensional measures of personality
In accordance with our hypothesis that there may be a relationship between GAL, alcoholism and anxiety, harm avoidance (HA) scores were derived from the Tridimensional Personality Questionnaires (TPQ) 34 that were completed by both Plains Indians and the Finnish Caucasians. HA is a dimensional measure of the tendency to be anxious and fearful. Individuals who have high HA have been categorized as cautious, tense, apprehensive, worriers, fearful, shy and inhibited. 34 The TPQ has been widely validated and HA has been shown to be moderately (40-60%) heritable. 35 HA scores were normally distributed in both samples. In addition, we obtained TPQ novelty seeking scores to determine whether they differed between alcoholics with high and low HA (Tables 1  and 2 ).
Genotyping
A panel of seven equally spaced common SNPs ( > 0.05 frequency) was selected from a commercial database (Celera Discovery System (CDS)) to cover the 7.5 kb gene region plus 2 kb upstream and 2.5 kb downstream ( Figure 1 , Table 3 ).
Genomic DNA was extracted from lymphoblastoid cell lines, diluted to a concentration of 5 ng/ml. Aliquots (2 ml) were dried in 384-well plates. Genotyping was performed by the 5 0 exonuclease method 36 using fluorogenic allele-specific probes. Oligonucleotide primer and detection probe sets were designed based on gene sequence from the CDS (Table 4) . A measure of 2.5 ml of PCR Master Mix (Applied Biosystems, CA, USA), containing AmpliTaq Gold s DNA Polymerase, dNTPs, Gold Buffer and MgCl 2 , were mixed with 900 nM of each forward and reverse primer and 100 nM of each reporter and quencher probe in each reaction well. DNA was allowed to stand at 501C for 2 min and at 951C for 10 min, amplified by 40 cycles at 951C for 15 s and 601C for 1 min, and then held at 41C. PCR was carried out with a GeneAmp PCR system 9700 (Applied Biosystems).
Allele-specific signals were distinguished by measuring end point 6-FAM or VIC fluorescence intensities at 508 and 560 nm, respectively, and genotypes were generated using Sequence Detection System Software Version 1.7 (Applied Biosystems, CA, USA). Genotyping error rate was directly determined by regenotyping 25% of randomly chosen samples for each SNP. The overall error rate was < 0.005. Genotype completion rate was 0.98. All genotype frequencies conformed to Hardy-Weinberg equilibrium.
Statistical analyses
The fraction of genes shared between any two individuals by common descent was calculated for all relative pairs in both populations using SAGE. The average sharing of descent was only 0.3% in the Plains Indians and 0.2% in the Finnish Caucasians; this is less than the degree of relationship between second cousins once removed and third cousins, and indicates that most pairs of individuals in these two populations have a very low degree of relationship. We were therefore able to undertake analyses that assume independence of individuals. The Finnish Caucasians are regarded as a population isolate with little or no admixture. The average Plains Indian ancestry in our sample was 87% (s.d. 21%); however, the median and modal values were 100%. Any admixture was predominantly with other American Indian tribes, among whom genetic diversity is low. 37 Therefore, population stratification is highly unlikely to be an issue in our analyses. Within the block, haplotypes were generated; haplotype and diplotype frequencies were estimated using a Bayesian approach implemented with PHASE. 38 The results from PHASE closely agreed with results from a maximum-likelihood method (MLOCUS) implemented via an expectation-maximization (EM) algorithm. 39 Analysis of variance (ANOVA) was employed to compare HA scores across groups. Allele, genotype, haplotype and diplotype frequencies were compared using the w 2 distribution. 
Phylogenic analysis
The sequence conservation at the location of the seven GAL SNPs plus 10 bp at both sides was extracted using the UCSC Genome Browser (http:// genome.ucsc.edu/) for human, chimp, mouse, rat and dog DNA. The joint alignments were displayed with Jalview. 40 
Results
The seven GAL SNPs were polymorphic in all populations and interpopulation differences in allele frequencies were observed for most of the SNPs (Table  3 ). In general, allele frequencies were similar within both Caucasian populations. Likewise, apart from SNPs 5 and 6, there was little variation between the two American Indian tribes. A single haplotype block spanning GAL (at least 12 kb in all populations) was observed ( Figure 1 ). In the GAL haplotype block region, D 0 averaged 82, 93, 90, 98 and 98 in the African Americans, US Caucasians, Finnish Caucasians, Plains Indians and Southwest Indians, respectively. Perhaps more importantly, the median D 0 values within those five populations' haplotype blocks were 79, 94, 93, 100 and 100, respectively, meaning that most of the SNPs were in very high LD. The greatest heterogeneity is to be expected in African Americans, the population studied with the highest contribution from the ancestral African population, and indeed this proved to be the case; there was some disruption of LD within the haploblock in African Americans (Figure 1) .
Haplotype frequencies in the five control populations are shown in Table 5 . For each population, two to five common (X0.05) haplotypes accounted for most of the total: 76% of African-American haplotype diversity and 92-98% of the two Caucasian and two American Indian populations' haplotype diversity. The number of common (X0.05) haplotypes in the region genotyped were: 5, 4, 4, 4 and 2 for African Americans, US Caucasians, Finnish Caucasians, Plains Indians and Southwest Indians, respectively. For each population, a smaller group of tag SNPs sufficient to maximize genetic information content within the GAL region was selected from the larger panel of seven SNPs. The required number of tag SNPs varies according to the haplotype diversity of the region (and population) and the information content of the SNPs available. For GAL, a total of four tag SNPs (SNPs 1, 2, 4 and 5) was generated by the SNPTagger program 41 and used to investigate the association between GAL and alcoholism/anxiety in Finnish Caucasians and Plains Indians.
There were four common haplotypes ( > 5% frequency) generated by the four tag SNPs (Table 6 ). Haplotype A was most abundant in both populations. Haplotype B differed by only one allele from haplotype A. Haplotypes C and D differed by only one allele from each other. Thus, haplotypes A and B derived from the same ancestral haplotype and similarly haplotypes C and D originated from a common ancestral haplotype (Table 6 ). Therefore, it was considered rational to analyze haplotypes A and B together as one group and haplotypes C and D together as another group where necessary because of small cell sizes.
Haplotype and diplotype associations with alcoholism in men There was a haplotype association with alcoholism in both the Finnish and Plains Indian men (Finns: w 2 = 23.4, 3 df, P < 0.001; Plains Indians: w 2 = 8.0, 3 df, P = 0.045). Haplotypes A and B, differing only by SNP 5 alleles, were more common in alcoholics, whereas haplotypes C and D, differing only by SNP 2 alleles, were more common in nonalcoholics (Table 6 , Figure 2 ). We compared haplotypes (A þ B) with (C þ D) across alcoholics and nonalcoholics (Finns: w 2 = 10.2, 1 df, P = 0.001; Plains Indians: w 2 = 8.2, 1 df, P = 0.004).
In the Finnish men, there was a significant association between the eight available diplotypes and alcoholism (w 2 = 27.8, 7 df, P = 0.002). There were four common (X5%) diplotypes (AA, AB, AC and AD) that accounted for 97% of the available diplotypes. The frequency of each common diplotype in alcoholics and nonalcoholics is given in Table 7 ; diplotypes AA and AB were more abundant in alcoholics, whereas diplotypes AC and AD were more abundant in nonalcoholics (w 2 = 20.5, 3 df, P = 0.0001). Both diplotypes AA and AB contributed to the significant effect when compared with diplotypes AC and AD: AA vs (AC þ AD), w 2 = 8.4, 1 df, P = 0.004; AB vs (AC þ AD), w 2 = 8.0, 1 df, P = 0.005. In the Plains Indian men, the seven available diplotypes were likewise significantly associated with alcoholism (w 2 = 13.2, 6 df, P = 0.039). The three common (X5% frequency) diplotypes (AA, AB and AC) accounted for 89% of all diplotypes and their frequencies are given in Table 7 . As in the Finns, the frequencies of diplotypes AA and AB were increased in alcoholics, whereas diplotype AC was more abundant in nonalcoholics (w 2 = 9.8, 2 df, P = 0.008). Once again, both diplotypes AA and AB contributed to the significant effect when compared with diplotypes AC: AA vs AC, w 2 = 8.6, 1 df, P = 0.003; AB vs AC, w 2 = 6.3, 1 df, P = 0.012. The given haplotype frequency is for the group of four common haplotypes that represent 93-98% of total haplotype diversity. High HA = high harm avoidance, defined as Xmean of nonalcoholics, that is, X11 (Finns) and X12 (Plains Indians). Low HA = low harm avoidance, defined as < mean of nonalcoholics, that is, < 11 (Finns) and < 12 (Plains Indians). Harm avoidance scores were not available for a few individuals.
Tag SNPs
Haplotype and diplotype associations with HA In the Finnish alcoholics, there was a trend for HA variation between the four common haplotypes: A and B tended to be associated with lower HA (mean HA of A = 17.476.4 and B = 17.177.2) and haplotypes C and D tended to be associated with higher HA (mean HA of C = 18.776.0 and D = 24.078.5) (F(1,481) = 2.2, P = 0.142). The association between the diplotypes and HA in alcoholics reflected the haplotype relationship (F(1,217) = 3.3, P = 0.072). There was no similar haplotype or diplotype association in nonalcoholics (mean HA: A = 10.975.3, B = 13.177.6, C = 11.375.1 and D = 11.875.8). There was no significant relationship between haplotypes or diplotypes and HA in the Plains Indians. Our previous study in these two populations has shown that alcoholics with high HA, defined as X the population mean (taken as the mean HA for nonalcoholics), and low HA, defined as < the population mean, may be distinct subtypes. 31 In the current study, we only found a nonsignificant trend for the association of HA with GAL haplotypes and diplotypes in alcoholics. Nevertheless, because our study has no precedent, we decided to pursue exploratory analyses of the HA association. We therefore divided the alcoholics into high and low HA groups, as described previously. Mean (s.d.) HA for nonalcoholics was 11.1 (5.3) in the Finns and 12.1 (5.7) in the Plains Indians. The high HA alcoholics had mean HA scores of 19.175.2 (Finns) and 16.974.2 (Plains Indians). The low HA alcoholics had mean HA scores of 7.272.5 (Finns) and 7.672.5 (Plains Indians). High and low HA alcoholics did not differ significantly in the prevalence of ASPD, MD, anxiety disorders, drug dependence, novelty seeking or age of onset of heavy drinking (Tables 1, 2) .
In Finns, distribution of the four haplotypes (w 2 = 37.2, 6 df, P < 0.0001) and the four common diplotypes (w 2 = 30.0, 6 df, P < 0.0001) differed between high HA alcoholics, low HA alcoholics and nonalcoholics (Tables 6, 7, Figure 3 ). High HA alcoholics had an excess of haplotype A and diplotype AA relative to low HA alcoholics and nonalcoholics. Low HA alcoholics were distinguished by a sizeable excess of haplotype B (threefold) and diplotype AB (four-fold) compared with high HA alcoholics and nonalcoholics (Figure 3) . Haplotype D was almost exclusively confined to The given haplotype frequency is for the group of four common haplotypes that represent 93-98% of total haplotype diversity. High HA = high harm avoidance, defined as X mean of nonalcoholics, that is, X11 (Finns) and X12 (Plains Indians). Low HA = low harm avoidance, defined as < mean of nonalcoholics, that is, < 11 (Finns) and < 12 (Plains Indians). Harm avoidance scores were not available for a few individuals.
nonalcoholics. There was no significant difference in haplotype or diplotype distribution between nonalcoholics with high and low HA. In the Plains Indian men, haplotype and diplotype frequencies did not differ between high HA and low HA alcoholics.
Haplotype/diplotype associations with alcoholism and HA in women No significant associations were found in the women.
Anxiety disorders
There were no significant associations between haplotypes or diplotypes and anxiety disorders in either population.
Phylogenic analysis of GAL SNPs
Among the seven genotyped SNPs, SNP 1 (rs4930241) showed the highest overall sequence conservation in the nearby region among the five examined species (Figure 4) . The sequence conservation surrounding the seven genotyped SNPs decreased from the 5 0 -end to the 3 0 -end of GAL. For three genotyped human SNPs (SNP 4 (rs3136540), SNP 5 (rs3136541) and SNP 7 (rs2513304)), both alleles were found in some of the five examined vertebrate species. Therefore, these SNPs might have originated before speciation. In contrast, the corresponding dog sequence for human SNP 3 (rs1546309) is A, which differs from the human C or T alleles.
Discussion
Our study is the first to report on the haplotype structure of GAL, and we have done so in five populations. The advantage of haplotype analysis is that disease associations can be narrowed down to regions of LD; therefore, eliminating the requirement for every SNP in that LD block to be genotyped. Since there is as yet no known functional GAL polymorphism, we used a haplotype-based approach to capture potential GAL variation. This approach is highly likely to detect the effects of any allele, known or unknown, of moderate abundance and effect size for areas of the genome with conserved block structure. 42 Using a comprehensive panel of four tag SNPs, we found a significant haplotype association with alcoholism in both Finnish Caucasian and Plains American Indian men. This is a robust finding given that the two groups of alcoholics differ in numerous aspects including ethnicity, country of origin, cultural background, socioeconomic status and rural vs urban environment. In addition, the Finnish Caucasian alcoholics were largely incarcerated violent offenders, whereas the Plains Indian alcoholics were derived from the community. In both populations, the two haplotypes A and B, differing by only one allele and therefore originating from a common ancestral haplotype, were risk factors for alcoholism. The other two haplotypes, C and D, also differing by only one allele and also derived from a shared ancestral haplotype, were protective against alcoholism (Figure 2 ). We were able to acquire further information about this association of GAL haplotypes with alcoholism by investigating potential mediating effects of HA, a measure of anxious temperament. Based on an earlier study in these two populations, 43 we defined two subgroups of alcoholics; high HA alcoholics, the majority group, who had a more anxious personality than nonalcoholics, and low HA alcoholics who were less anxious than nonalcoholics. We based our definition around the mean HA of the nonalcoholics in each population rather than on a global mean HA score because differing environmental stressors in each population may modify baseline levels of anxiety. This approach revealed that, in the Finns, it was the high HA alcoholics who had an excess of haplotype A and diplotype AA, whereas haplotype B and diplotype AB were significantly more common in the low HA alcoholics (Figure 3 ). In contrast, there was no difference in haplotype distribution between nonalcoholics with high and low HA. Therefore, our results suggest a possible mediating effect of anxiety in alcoholics and that high HA and low HA alcoholics may be distinct subtypes. Although we found a strong association between GAL haplotypes and alcoholism in the Plains Indian men, it did not appear to be influenced by HA as in the Finns. Possible explanations for this include the fact that the sample size was considerably smaller and that environmental influences are likely to be very different in these two populations. Our study indicates that there may be sexual dimorphic effects in the association between GAL and alcoholism. The influence of estrogen on GAL expression may have some bearing on these sex differences. 43, 44 In addition, environmental stressors influencing excessive alcohol consumption may differ between the sexes and may vary across populations.
Haplotype blocks represent ancient chromosomal regions, undisturbed by recombination, and haplotype frequency variation across populations reflects different exposures to selective pressures, genetic drift and population bottlenecks. The considerable variability in GAL allele and haplotype frequencies across three different ethnicities indicates that it is important to take population stratification into account in association studies. However, we studied two populations that are essentially isolates and so population stratification is unlikely to be an issue in our study.
Our study did not identify a functional locus (loci); therefore, sequencing and subsequent functional studies of GAL are required for this purpose. In order to get preliminary information on the functional potential of the GAL SNPS used in this study, we have correlated their physical location to gene structure using RefSeq Human Genome Build 35 (http://ncbi.nih.gov/genomes/H_sapiens/) and Genomatix, software for transcription factor binding sites analysis (http://www.genomatix.de/). One potentially interesting finding is that SNP 4 (rs3136540), which was strongly associated with alcoholism both in Finns and Plains Indians, is located within 15 bases of a splicing donor site and therefore might affect the efficiency of splicing.
In conclusion, we have demonstrated an association between GAL haplotypes and alcoholism in two, very different male populations. We distinguished different genetic associations in Finnish alcoholics with high HA and low HA. However, our results should be treated with caution until replicated in other large data sets and by other methods, including family-based association studies. GAL is a candidate gene for pharmacotherapy for stress and stressinduced relapse, and if our results are reproducible in other populations, this finding may be relevant because the two subtypes of alcoholics may have different pharmacotherapeutic responses.
